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FUEL CELL SYSTEM 

Field Of The Invention 

[0001] The present invention is related to a fuel cell system, and more particularly to a fuel cell 
system capable of supplying fuel gas to a fuel chamber in a short time at the startup of generation. 

Description of the Prior Art 

[0002] Conventionally, in fuel cell systems using a polymer electrolyte membrane (layer), fuel gas 
and oxidizing gas are ionized on both sides of the electrolyte layer, and these ionized gases 
electrochemically react across the electrolyte layer. Therefore, as long as the fuel gas and the 
oxidizing gas are present across the electrolyte layer, the electrochemical reaction continues. In the 
conventional system, in order to stop the operation of the fuel cell, the system stops the supply of 
both the fuel gas and the oxidizing gas to the fuel cell, and feeds a purge gas such as air or the like to 
the fuel chamber containing a fuel electrode, in place of the fuel gas, thereby preventing the 
electrochemical reaction after stopping the fuel cell. 

[0003] Further, at the time of start-up in the conventional fuel cell system, the purge gas is 
displaced by feeding the fuel gas to the fuel chamber. 
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[0004] In this regard, if the fuel in one region is more concentrated than other regions and the 
oxidizing gas is more concentrated in one region than in other regions in the fuel chamber, namely, a 
state wherein the fuel gas and the oxidizing gas are unevenly distributed in the fuel chamber, one 
such region may form a localized cell, and an electric current will flow to that "localized cell" in a 
direction reverse that in normal power generation. In particular, this corrodes the oxygen electrode, 
and this corrosion causes the fuel cell system to deteriorate rapidly. 

[0005] In the conventional system, the fuel gas supplied to the fuel chamber at the time of start-up 
is at a gas pressure the same as the gas pressure of the fuel gas supplied to the fuel chamber during 
normal power generation of the fuel cell. Thus, when the fuel gas is supplied to the fuel chamber at 
the operation start-up time, uneven distribution of the fuel and oxidizing gases may occur in the fuel 
chamber instantaneously and causes an undesirable electrochemical reaction, thereby injuring the 
oxygen electrode. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide a fuel cell system that can inhibit the 
electrodes from deteriorating. 

[0007] In order to achieve the above obj ect, the present invention provides a fuel cell system which 
comprises: 

at least one fuel cell having a fuel chamber including a fuel electrode, an oxygen chamber 
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including an oxygen electrode and an electrolyte layer interposed between the fuel electrode and the 
oxygen electrode; and 

pressure regulating means for regulating a supply pressure of fuel gas to be supplied to the 
fuel chamber at start-up and during normal power generation; 

wherein the supply pressure of the fuel gas at the time of start-up is higher than the supply 
pressure of the fuel gas during normal power generation in which the fuel cell is generating electric 
power. 

[0008] In the fuel cell system of the present invention, it is preferred that the pressure regulating 
means includes a pressure regulator valve and control means for controlling the pressure regulator 
valve. 

[0009] It is preferred that the fuel cell system of the present invention further has a fuel gas supply 
line through which the fuel gas is supplied at the time of start-up of power generation wherein the 
pressure regulating means includes two regulator valves that respectively provide different supply 
pressures, a switching valve arranged on the line, and switching means for opening and closing the 
switching valve. 

[0010] Further, it is preferred that in normal power generation the fuel cell be connected to an 
external load. 

[001 1] It is preferred that the fuel cell system of the present invention further comprises a start 
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switch for turning on and off of the fuel cell system wherein the start-up time for power generation 
includes a predetermined period of time after the start switch is turned on. 

[0012] It is preferred that the start-up time for power generation by the fuel cell includes the case 
where the start switch is turned on after a lapse of a predetermined period of time after the start 
switch has been turned off in the normal power generation state. 

[0013] In another aspect, the present invention provides a fuel cell system comprising: 

at least one fuel cell having a fuel chamber including a fuel electrode, an oxygen chamber 
including an oxygen electrode and an electrolyte layer interposed between the fuel electrode and the 
oxygen electrode; 

a fuel gas concentration sensor for detecting the concentration of a fuel gas discharged from 
the fuel chamber; and 

pressure regulating means for regulating a supply pressure of the fuel gas supplied to the fuel 
chamber based on the detected fuel gas concentration; 

wherein the pressure regulating means provides a higher pressure of the fuel gas at the time 
of fuel cell start-up than during normal power generation in which the fuel cell is generating electric 
power. 

[0014] In the fuel cell system of the present invention, it is preferred that the pressure regulating 
means switches from the start-up supply pressure to the supply pressure for normal power generation 
state when the fuel gas concentration detected by the fuel gas concentration sensor becomes higher 
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than a predetermined fuel gas concentration. It is preferred that the predetermined fuel gas 
concentration is 95 percent by volume. 

[00 15] In the present invention, it is preferred that the fuel cell system further comprises an oxygen 
concentration sensor for detecting the concentration of oxygen discharged from the fuel chamber, 
wherein the pressure regulating means switches from the pressure of the fuel gas at the time of start- 
up time to the pressure for the normal power generation when the fuel gas concentration detected by 
the fuel gas concentration sensor becomes higher than a predetermined fuel gas concentration and the 
oxygen concentration detected by the oxygen concentration sensor becomes lower than a 
predetermined oxygen concentration. In this case, it is preferred that the predetermined fuel gas 
concentration is 95 percent by volume and the predetermined oxygen gas concentration is 1 percent 
by volume. 

[0016] In yet another aspect the present invention provides a fuel cell system comprising: 
a start switch for turning on or off of the fuel cell system; 

at least one fuel cell having a fuel chamber including a fuel electrode, an air chamber 
including an oxygen electrode and an electrolyte layer interposed between the fuel electrode and the 
oxygen electrode; 

a timer for measuring a period of time lapsed after the start switch has been turned off; and 
pressure regulating means for regulating supply pressure of fuel gas supplied to the fuel 
chamber; 

wherein the pressure regulating means sets the supply pressure of the fuel gas at the time of 
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fuel cell start-up higher than the supply pressure of the fuel gas during normal power generation, and 
wherein the start switch is turned on when the period of time lapsed, as measured by the timer, 
exceeds a predetermined period of time. 

[00 1 7] The above objects and other obj ects, structures and advantages of the present invention will 
be apparent when the following description of the preferred embodiment with reference to the 
appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 8] Fig. 1 is a block diagram illustrating the fuel cell system of one embodiment according to 
the present invention. 

[0019] Fig. 2 is a front view of the fuel cell separator. 

[0020] Fig. 3 is a partial cross-section taken along line A-A in Fig. 2 illustrating the fuel cell stack 
including a fuel cell separator. 

[0021] Fig. 4 is a partial cross-section taken along line B-B in Figs. 2 and 3. 

[0022] Fig. 5 is a partial cross-section of the fuel cell separator taken along line C-C in Figs. 2 and 

3. 

[0023] Fig. 6 is a rear view of the fuel cell separator. 
[0024] Fig. 7 is an enlarged cross-section diagram of the unit cell. 
[0025] Fig. 8 is a partial plan view of the fuel cell stack. 
[0026] Fig. 9 is a whole plan view of the fuel cell stack. 
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[0027] Fig. 10 is a partial cross-section side view of the fuel cell stack. 

[0028] Fig. 1 1 is a partial cross-section, taken along line D-D in Fig. 3, of the fuel cell stack 
illustrating a vertical section of the hydrogen passage. 
[0029] Fig. 12 is a front view of the fuel cell stack. 
[0030] Fig. 13 is a rear view of the fuel cell stack. 

[003 1] Fig. 14 is a flowchart of a control routine for the start-up of the fuel cell system in a first 
embodiment according to the present invention. 

[0032] Fig. 15 is a continuation of the flowchart of the control routine of Fig. 14. 

[0033] Fig. 16 is a flowchart of a control routine for start-up of the fuel cell system in a second 

embodiment according to the present invention. 

[0034] Fig. 17 is a continuation of the flowchart of Fig. 16. 

[0035] Fig. 1 8 is block diagram illustrating the fuel cell system of a third embodiment according to 
the present invention. 

[0036] Fig. 19 is block diagram illustrating the fuel cell system of fourth and fifth embodiments 
according to the present invention. 

[0037] Fig. 20 is a flowchart of a control routine for start-up of the fuel cell system in a fourth 
embodiment according to the present invention. 

[0038] Fig. 21 is a continuation of the flowchart of the control routine of Fig. 20. 

[0039] Fig. 22 is a flowchart of a control routine for start-up of the fuel cell system in a fifth 

embodiment according to the present invention. 

[0040] Fig. 23 is a continuation of the flowchart of the control routine of Fig. 22. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0041] The preferred embodiments of a fuel cell system according to the present invention are 
described below with reference to the appended drawings. 

[0042] In the first embodiment, a fuel cell system is carried on an electric car as shown in Figs. 1 -6. 
Fig. 1 is a block diagram illustrating the fuel cell system 1 of the first embodiment of the present 
invention. As shown schematically in Fig. 1, the fuel cell system 1 includes a fuel cell stack 100, an 
air supply system 12, a fuel gas supply system 10 including a plurality of high-pressure hydrogen 
tanks 11 (hydrogen supply means), and a water supply system 50. The fuel cell stack 100 is 
composed of a plurality of fuel cell unit cells 15 and fuel cell separators 13, which are stacked 
alternately. 

[0043] The separator 13 comprises current collecting members 3, 4 that are connected to the 
electrodes of the unit cell 15 for output of electric current, and frame elements 8, 9 externally 
covering a peripheral edge portion of current collecting members 3, 4. 

[0044] The current collecting members 3, 4 are each made of a metal plate. The metal has electric 
conductivity and corrosion resistance. For example, the metal may be stainless steel, a nickel alloy, 
a titanium alloy or the like treated with a corrosion-resistant electric conductivity process. 

[0045] The current collecting member 3 abuts a fuel electrode (anode) of the unit cell 15, while the 
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current collecting member 4 abuts an oxygen electrode (cathode) of the unit cell 15. The current 
collecting member 3 is made in the form of a rectangular plate, comprising a plurality of columnar 
protruding portions 32 provided on a surface thereof and formed by a pressing process. The 
columnar protruding portions 32 are vertically and horizontally arranged at even intervals along both 
the short dimension and the long dimension of the plate. Between the columnar protruding portions 
32, hydrogen passages 301 are formed as grooves extending along the long dimension (in the lateral 
direction in Fig. 2), while hydrogen passages 302 are formed as grooves arranged between the 
columnar protruding portions 32 and extending along the short dimension of the plate 3 (in the 
longitudinal direction in Fig. 2). The plane defined by the tips of the columnar protruding portions 32 
serves as an abutting portion 321 to abut the fuel electrode. The backsides of the columnar 
protruding portions 32 serve as recesses 33. Apertures 35 are formed at opposing ends of the current 
collecting member 3, and form hydrogen supply passages when the separators 13 are stacked. 

[0046] The current collecting member 4 is also in the form of a rectangular plate, comprising a 
plurality of protruding portions 42 arranged on a surface thereof and formed by a pressing process. 
The protruding portions 42 are linearly arranged at even intervals parallel to the short edge of the 
plate. Grooves are formed between the protruding portions 42 and constitute air passages 40. The 
plane defined by the tips of the protruding portions 42 serves as an abutting portion 421 to abut the 
oxygen electrode. The backside of each protruding portion 42 serves as a canal form hollow portion 
that forms a cooling passage 41 . The air passages 40 and the cooling passages 41 extend to the ends 
of the plate, and both ends thereof open at the ends of the plate. Apertures 48 are formed at 
opposing ends of the current collecting member 4 and form a hydrogen supply passage when the 
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separators 13 are stacked. 


[0047] The current collecting members 3, 4, having above structure are stacked and fixed so that the 
columnar protruding portions 32 and the protruding portions 42 are arranged outside of the stack. In 
this case, the backside surfaces 34 of the hydrogen passages 301, 302 abut on the backside surface 
403 of the air passage 40, which makes it possible to establish a conductive path. Further, as shown 
in Fig. 4, the cooling passage 41 is formed by stacking the current collecting members 3, 4, and the 
recess 33 forms a part of the cooling passage 41 . On the other hand, as shown in Figs. 3 and 5, the air 
passage 40 is formed as a tubular passage by being stacked on the cathode (oxygen electrode) 15 
which closes the opening 400 of the groove. Thus, the oxygen electrode forms a part of the inner 
wall of the air passage 40. Oxygen and water are supplied to the oxygen electrode of the unit cell 1 5 
from the air passage 40. 

[0048] The opening at one end of the air passage 40 forms an inflow port 43 at which the air and 
water are introduced, while the opening at the other end of the air passage 40 forms an outflow port 
44 at which the air and water exit. The opening at one end of the cooling passage 41 forms an inflow 
release port 45 at which the air and water are introduced, while the opening at the other end of the 
cooling passage 4 1 forms an outflow release port 46 at which the air and water exit. In the structure 
described above, the air passage 40 and the cooling passage 41 are arranged parallel and alternately, 
and adjoin each other across a sidewall 47. In this way, the inflow ports 43 and the inflow release 
ports 45 are also arranged alternately. Since the air and water flow along the sidewall 47, the 
sidewalls 47 function as cooling fins. 

10 


[0049] By arranging the air passage 40 and the cooling passage 41 parallel and alternately, it 
becomes possible to improve the cooling efficiency of the fuel cell, allowing even cooling of the fuel 
cell. 

[0050] The frame elements 8, 9 are respectively stacked on the current collecting members 3, 4. As 
shown in Fig. 2, the frame element 8 stacked on the current collecting member 3 has the same size as 
the current collecting member 3, and a window 8 1 for receiving the columnar protruding portions 32 
is formed at the center thereof. Further, apertures 83a, 83b are formed at positions corresponding to 
the positions of the apertures 35 of the current collecting member 3 adjacent opposing ends of the 
frame element 8. A concavity 84 is formed in the surface abutting on the current collecting member 3 
between each of the apertures 83a and 83b and the window 8 1 to provide a hydrogen flow passage. 
In the surface opposite to the surface abutting the current collecting member 3, the concave portion, 
which extends along the edge of the window 8 1 provides a recess 82 for receiving the unit cell 1 5 . A 
fuel chamber is defined by the surface of the fuel electrode 15 accommodated in the recess 82, the 
hydrogen passages 301,302, and the window 81. 

[0051] The frame element 9 stacked on the current collecting member 4 has the same size of the 
frame element 8, and a window 91 for receiving the protruding portions 42 is formed at the center 
thereof. As seen in Fig. 6, apertures 93 are formed at positions corresponding to the positions of the 
apertures 83 of the frame element 8 adjacent opposing ends of the frame element 9. The surface of 
frame element 9 which receives the current collecting member 4 of the frame element 8 has grooves 
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94, 95 formed along a pair of opposing long edges of the frame element 9 which serve as air flow 
passages when the current collecting members 3, 4 are stacked. One end of the air flow passage 94 
is connected to an opening 941 formed on an end face on the long edge side of the frame element 9, 
while the other en thereof is connected to the inflow port 43 of the air passage 40 and to the inflow 
release port 45 of the cooling passage 41 . 

[0052] In the air flow passage (groove) 94 located on the upstream side, an inner wall of the end 
portion thereof forms a tapered surface 942 so that the cross-sectional area decreases gradually from 
opening 941 toward the air passage 40, allowing water to be sprayed into the air flow passage 94 
from an a manifold 54 (described later). On the other hand, one end of an air stream passage 95 
located on the downstream side is connected to the outflow port 44 of the air passage 40 and the 
inflow release port 45 of the cooling passage 41 , while the other end is connected to an opening 95 1 
formed at the end face on the long edge side of the frame element 9. In the air flow passage 95, an 
inner wall forms a tapered surface 952 so that the cross-sectional area decreases gradually from the 
opening 951 toward the air passage 40. Even if the fuel cell stack 100 is inclined, discharge of the 
water is maintained by the tapered surface 952. 

[0053] Further, in the surface of the frame element 9 opposite the surface abutting the current 
collecting member 4, a recess 92 extending along the window 91 receives the unit cell 15. 

[0054] Fig. 7 is an enlarged cross-sectional diagram of the unit cell 15. Unit cell 1 5 includes a solid 
polymer electrolyte membrane 15a, an oxygen electrode 15b, and a fuel cell electrode 15c, 
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respectively stacked at opposing sides of the solid polymer electrolyte membrane 15a. The solid 
polymer electrolyte membrane 1 5a has a size corresponding to the size of the recesses 82, 92, and the 
oxygen electrode 15b and the fuel electrode 15c each has a size corresponding to the size of the 
windows 81,91. Since the thickness of the unit cell 1 5 is extremely thinner than either of the frame 
elements 8, 9 and the current collecting members 3, 4, it is shown in the drawings as a unitary 
element. 

[0055] A surface treatment is applied to inner walls of the air passage 40 and the cooling passage 41 
to make the walls hydrophilic. The surface treatment is applied to the inner walls so that the contact 
angle between the inner surface of a wall and water is less than 40 degrees, preferably less than 30 
degrees. Application of a hydrophilic agent to the surface is adopted as this treatment. The agent 
applied may be, for example, polyacrylamide, polyurethane resin, titanium oxide (titanium dioxide), 
or the like. 

[0056] The separator 13 is constructed so that the current collecting members 3, 4 are held by the 
frame elements 8, 9 having above-described structure. The fuel cell stack 100 is constructed by 
stacking the separators 1 3 and the unit cells 1 5 alternately. Fig. 8 is a partial plan view of the fuel cell 
stack 100. A plurality of the inflow ports 43 and the inflow release ports 45 open alternately at the 
top surface of the fuel cell stack 100. As described later, air from the air manifold 54 and water 
sprayed from a plurality of nozzles 55 simultaneously flow into the introducing ports 43 and the 
inflow release ports 45. In this case, the sidewalls 47 function as cooling fins. 
[0057] The air and the water that respectively flow via the introducing ports 43 and the inflow 

13 


release ports 45 cool down the current collecting members 3, 4 in the cooling passage 41 by latent 
heat cooling. 

[0058] Fig. 9 is a whole plan view of the fuel cell stack 100. Unit 130 is formed by stacking a 
predetermined number of the fuel cell separators 13 having the structure described above. The fuel 
cell stack 100 is constructed by stacking a plurality of units 130. A separator 14 lies between 
adjacent units 130, 130, and is constructed by putting a shield plate 16 between the current collecting 
members 3,4. The shield plate 1 6 has an aperture 161a or 161b having a sectional shape the same as 
a hydrogen passage 1 7a or 1 7b in the position corresponding to that of either the hydrogen passage 
17a or the hydrogen passage 17b. Since the shield plate 16 has electric conductivity, it does not 
prevent electric current from flowing in the fuel stack 100. 

[0059] On the other hand, in the case where the shield plate 16has the aperture 161a, the shield plate 
1 6 prevents the hydrogen gas from flowing in the hydrogen passage 1 7b. Likewise, where the shield 
plate 16 has the aperture 161b, the shield plate 16 prevents the hydrogen gas from flowing in the 
hydrogen passage 1 7a. The shield plates 1 6 are alternately arranged so that the shield plate 1 6 having 
the aperture 161b, the shield plate 16 having the aperture 161a... are sequentially positioned from the 
hydrogen gas inflow side to the hydrogen gas outflow side. In this way, the supplied hydrogen gas 
flows into the fuel chamber 30 of every unit 1 30 by alternately shielding either the hydrogen passage 
1 7a or 1 7b for every unit 130. More specifically, as shown in Fig. 9, the hydrogen gas flows from the 
hydrogen passage 1 7a toward the hydrogen passage 1 7b in the first unit 1 30, in the second unit 130 
the gas flows from the hydrogen passage 1 7b toward the hydrogen passage 1 7a, and in the third unit 
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130 the gas flows from the hydrogen passage 17a toward the hydrogen passage 17b. Thus, the 
hydrogen gas flows in alternating directions. 

[0060] Namely, the fuel cell stack 100 includes stacked units 130 in which the unit cells 15 and the 
separators 1 3 are stacked, and a pair of hydrogen passages 1 7a, 1 7b, which respectively communicate 
with fuel chambers 30, which extend in the direction of the stacking of separators 1 3 in the unit 1 30 
and which are positioned at opposing ends of the fuel chambers 30. Further, between the abutting 
units 130, the fuel cell stack 100 includes communicating passages 161a (or 161b) for 
communicating between the hydrogen passages 17a, 17a (or 17b, 17b), and a blocking portion (the 
shield plate 16) for restricting the flow of the hydrogen gas between the other hydrogen passages 
17b, 17b (or 17a, 17a). The communicating passages and the blocking portions are alternately 
arranged so that one of hydrogen passages 17a, 17a (or 17b, 17b) and the other hydrogen passages 
1 7b, 1 7b (or 1 7a, 17a) alternately face in the direction of the direction of stacking of the stacked units 
130. In this case, the hydrogen gas flows through the fuel chambers 30 of the units while its flow 
direction is repeatedly reversed. 

[0061] In this way, since the fuel cell stack 100 is divided into the plurality of units 130, and 
receives the hydrogen gas flow in every unit 1 30, it is possible to prevent the hydrogen gas flow rate 
from differing for different units 130. Further, in each unit 130, it is also possible to prevent the 
hydrogen gas flow rate from differing as between the fuel chambers 30 by stacking the separators 1 3 
and the unit cells 15. Furthermore, since the hydrogen gas supplied in the fuel cell stack 100 
repeatedly flows through the unit 1 30, the hydrogen gas has many opportunities to come into contact 
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with the fuel electrode of the fuel chamber 30, thereby improving the reaction efficiency between the 
hydrogen and oxygen gases. Since the total volume of the fuel chamber 30 belonging to one unit 1 30 
is such as to accommodate a large amount of hydrogen gas, the hydrogen gas does not grow stagnant 
in the fuel chamber 30 and can exit the fuel chamber 30 and the fuel cell stack 100 in a short time. 
Thus, this rate of replacement shortens the time required to replace the substituted gas by the 
hydrogen, and shortens the time the substituted gas and the hydrogen are unevenly distributed, thus 
preventing deterioration of the electrodes. Further, increasing the flow rate of the hydrogen during 
normal power generation makes the discharge of generated water easy, and this makes it possible to 
prevent loss of power output due to a clogged drain of the fuel cell. 

[0062] The number of the fuel cell separators 13 constituting the unit 130 is determined so that the 
cross-sectional area of the hydrogen passage 302 in each of the separators 13 is about the same as the 
cross-sectional area of the hydrogen passages 17a, 17b. The cross-sectional area of the hydrogen 
passage 302, i.e., the area of the surface perpendicular to the line of flow of the hydrogen gas through 
the fuel chamber 30 is minimized, namely, total area of "a" in Fig. 10 (the total cross-sectional area 
of the hydrogen passage 302 in the separator 13 constituting the unit 130), or the total cross- 
sectional area of the hydrogen flow passage 84 (namely, the area of "b" circled by the heavy line in 
Fig. 1 1). Because the cross-sectional area of the flow passage of hydrogen within the fuel cell stack 
1 00 does not fluctuate widely while the gas flows in the fuel cell stack 1 00 (namely, from the inflow 
to the outflow), it is possible to distribute the gas evenly in the fuel chamber 30 of each of the 
separators 13 constituting the unit 130. 

[0063] Therefore, the substituted gas (namely, air) within the fuel cell stack 100 can be displaced 
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efficiently by the flow of fuel gas at the time of power generation start-up, thereby replacing the 
substituted gas by the hydrogen gas more evenly and rapidly. 

[0064] Fig. 12 is a front view of the fuel cell stack 100. An introduction guide passage 18a is 
provided for the hydrogen passage 17a as a current means. The introducing guide passage 18a 
includes a gas introducing port 181a having the same cross-sectional shape as hydrogen introducing 
passage 202 (see Fig. 1), and a gas discharging port 182a having the same cross-sectional shape as 
the hydrogen passage 1 7a. The width of passage 1 83a between the gas introducing port 181a and the 
gas discharging port 1 82a gradually increases, and guides the gas stream so that the distribution of 
the gas flow rate in the cross-section of the hydrogen passage 1 7a becomes uniform (even). Further, a 
plurality of current plates 1 84a are provided in the passage 1 83a for guiding the hydrogen gas while 
controlling the pressure loss of the gas stream. 

[0065] Fig. 13 is a back view of the fuel cell stack 100. A discharge guide passage 1 8b is provided 
on the hydrogen gas outflow portion of the fuel cell stack 100. The discharge guide passage 18b 
includes a gas introducing port 181b having the same cross-sectional shape as the hydrogen passage 
1 7a, and a gas discharging port 1 82b having the same cross-sectional shape as hydrogen outflow line 
203 (see Fig. 1). The width of a passage 183b between the gas introducing port 181b and the gas 
discharging port 1 82b gradually decreases. Further, a plurality of current plates 1 84b are provided in 
the passage 183b, for guiding the hydrogen gas while controlling the pressure loss along the gas 
stream. 

[0066] With the structure of the fuel cell stack 100 described above, the flow of hydrogen gas into 
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the fuel cell stack 100 is protected from pressure loss, and is evenly (uniformly) supplied to the fuel 
chamber 30 of each of the fuel cell separators 13. 

[0067] Next, other elements shown in Fig. 1 will be described. An air supply system 12 supplies 
atmospheric air to the air passage 40 and the cooling passage 41 via the opening 941 of the fuel cell 
stack 1 00, and discharges the air from the fuel cell stack 1 00 through a condenser 5 1 . An air fan 122 
is provided on an air supply line 123 as suction means, and supplies the air to the air manifold 54 
from the ambient atmospheric air. The air flows into the air passage 40 of the fuel cell stack 100 
from the air manifold 54 to supply oxygen to the oxygen electrode (namely, the current collecting 
member 3). The moisture in the air discharged from the fuel cell stack 100 is condensed and 
recovered in the condenser 51, and then the dry air is discharged. The temperature of the air 
discharged from the fuel cell stack 100 is monitored by a discharge-gas temperature sensor SI. 
Electrical-potential detection sensors S2 are provided on the fuel cell stack 100 to measure the local 
electrical potential of each of the unit cells 15 in the fuel cell stack 100. 

[0068] In this embodiment, nozzles 55 are provided on the air manifold 54, and the water is sprayed 
from the nozzles 55 into the air in liquid state and mixed with the air. Most of the water is recovered, 
by a container (not shown in the drawings) provided on the lower side of the fuel cell stack 100, 
while remaining in the liquid state. 

[0069] The fuel gas supply system 10 supplies the hydrogen gas released from the high-pressured 
hydrogen tanks 1 1 to the hydrogen passage 17a of the fuel cell stack 10 via the hydrogen line 201 
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and the hydrogen inflow line 202. The hydrogen line 201 is provided with a hydrogen primary 
pressure sensor S3, a hydrogen primary pressure regulating valve 21, a hydrogen base 
electromagnetic valve 22, a hydrogen secondary pressure regulatable-pressure valve 23, a hydrogen 
supply electromagnetic valve 24, and a hydrogen secondary pressure sensor S4, in this order from the 
high-pressure hydrogen tanks 1 1 side toward the fuel cell stack 100. The hydrogen pressure within 
the high-pressure hydrogen tanks 1 1 is monitored by the hydrogen primary pressure sensor S3. In this 
case, the hydrogen secondary pressure regulation valve 23 and a control section 75 for controlling the 
hydrogen secondary pressure (i.e., controlling the set value of the pressure regulating valve 23) 
constitute pressure regulating means for regulating supply pressure of the fuel gas (hydrogen gas) 
supplied to the fuel chamber 30. 

[0070] The hydrogen flow is regulated to a pressure adapted for supply to the fuel cell stack 100 by 
the hydrogen primary pressure regulating valve 21 . The supply of the hydrogen to the fuel cell stack 
100 is electrically controlled by opening/closing of the hydrogen base electromagnetic valve 22. 
Thus, flow of the hydrogen gas may be cut off by closing the electromagnetic valve 22. Further, the 
hydrogen gas pressure just before entry to the fuel cell stack 100 is monitored by the hydrogen 
secondary pressure sensor S4. 

[0071] One end of the hydrogen inflow line 202 is connected to the hydrogen line 201, while the 
other end is connected to the hydrogen passage 17a of the fuel cell stack 100. 

[0072] In the fuel cell stack 100, as shown in Fig. 3, the hydrogen gas flows from the hydrogen 
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passage 1 7 a to the hydrogen flow passage 84a, and then flows from the hydrogen flow passage 84a 
to the hydrogen passages 301, 302. The hydrogen gas is supplied to the fuel electrode within the 
hydrogen passages 301, 302, and then the remaining hydrogen gas exits the hydrogen flow passage 
84b to the hydrogen passage 17b. 

[0073] The hydrogen gas is discharged from the hydrogen passage 17b of the fuel cell stack 100 to 
the hydrogen outflow line 203 of the fuel gas supply system 1 0. An oxygen concentration sensor S5, 
a hydrogen concentration sensor S6 and a hydrogen pump 25 are provided on the hydrogen outflow 
line 203. The hydrogen pump 25 introduces the hydrogen gas discharged from the fuel cell stack 100 
through the check valves 26, 29 into, respectively, a hydrogen discharge line 204 and a hydrogen 
return line 205, both of which are connected to the downstream side of the hydrogen pump 25. The 
other end of the hydrogen return line 205 is connected to the hydrogen inflow line 202, whereby a 
hydrogen loop is formed by the hydrogen inflow line 202, the hydrogen outflow line 203 and the 
hydrogen return line 205. The check valve 29 is provided in the hydrogen return line 205 and, 
therefore, the hydrogen gas supplied from the high-pressure hydrogen tanks 1 1 cannot be discharged 
directly to the hydrogen discharge line. The check valve 26, a hydrogen discharge electromagnetic 
valve 27a, and a silencer 28a are provided on the hydrogen discharge line 204 in this order. 

[0074] The oxygen concentration sensor S5 detects the oxygen concentration of the gas discharged 
from the fuel cell stack 100, while the hydrogen concentration sensor S6 detects the hydrogen 
concentration of the gas discharged from the fuel cell stack 100. 

[0075] In the water supply system 50, water from a water tank 53 is pressure-fed to the nozzles 55 
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provided on the air manifold 54 through a water supply line 56 by a water supply pump 6 1 , and then 
the supplied water is sprayed from the nozzles 55 into the air manifold 54 continuously or 
intermittently. This water enters the air passage 40 and the cooling passage 41 via the opening 941 
of the fuel cell stack 100. Since the latent heat is preferentially drawn from this introduced water, the 
moisture in the solid polymer electrolyte membrane 15a of the oxygen electrode 15b side is 
prevented from evaporating. Therefore, the electrolyte membrane 15a of the oxygen electrode 15b 
side can be constantly maintained in an evenly wet condition by the generated water without drying 
out. Further, the heat of the oxygen electrode 15b itself is removed by the water supplied to the 
surface of the oxygen electrode 15b and the water flowing into the cooling passage 41. In this 
manner, the temperature in the fuel cell stack 100 is controlled. 

[0076] With the structure described above, it is possible to cool down the fuel cell stack 100 
adequately without an additional cooling water. It is possible to maintain the temperature of the fuel 
cell stack 100 around a desired temperature by controlling the output of the water supply pump 61 
responsive to the temperature of the discharged air detected by the discharge-gas temperature sensor 
SI. 

[0077] The water in the water tank 53 is supplied to the surface of the oxygen electrode 1 5b from the 
nozzles 55 provided on the air manifold 54, and then the supplied water is recovered by the 
condenser 5 1 and returned to the water tank 53 by a water collection pump 62. A check valve 52 is 
provided between the water collection pump 62 and the water tank 53 to prevent the water in the 
water tank 53 from flowing back through the water collection pump 62. The water level in the water 
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tank 53 is detected by the water level sensor S7. 

[0078] Further, the fuel cell system 1 includes a start switch, namely, an ignition key for starting up 
and stopping the system 1 (not shown in the drawings). The fuel cell system 1 is connected to an 
external load (not shown in the drawings) in its normal power generating state. 

[0079] In normal operation in which the fuel cell system 1 outputs electric power, air is supplied 
from the air fan 122 to the fuel cell stack 100, and simultaneously hydrogen gas is supplied from the 
fuel supply system 10 to the fuel cell stack 100. The redox reaction which generates power is 
continued in the fuel cell stack 100, and this reaction also generates water. The reaction is 
maintained by supply of air and hydrogen to the oxygen electrode 15b and the fuel electrode 15c, 
respectively. The necessary concentration of hydrogen gas, at which the redox reaction can be 
efficiently generated in the unit cell 1 5, is supplied to the fuel cell stack 1 00, and the supply pressure 
in normal operation is set within a range in which the required reaction can be maintained and waste 
of the hydrogen gas can be eliminated. If the supply pressure in normal operation is higher than 
necessary, a glut results in the discharge of most of the non-reacted hydrogen gas, therefore wasting 
fuel (i.e., the wasting of the hydrogen gas). Based on this consideration, the supply gas pressure of 
the hydrogen gas in normal operation is set at 0.1 MPa, for example. On the other hand, to provide 
for discharge of the substituted gas and prevention of uneven distribution of the gases, the supply 
pressure of the hydrogen gas at start-up of power generation is set at a pressure (for example, 0.2 
MPa) higher than the gas pressure in normal operation, and the supply of the hydrogen gas at the 
higher pressure is set for a very short time. 
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[0080] In this embodiment of the present invention, "normal operation" (normal power generation) 
includes "the time when the fuel cell system 1 is connected to the external load," that is, a state where 
the fuel cell system 1 is generating electrical power, and "a power generation start-up time" which is 
a period of time from when the fuel cell system 1 is started with the ignition key to the time when the 
fuel cell system 1 is connected to the external load. Further, "the start-up time" also includes the 
time for the start switch to be turned on after a lapse of a predetermined period of time after the start 
switch has been turned off in normal power generation and "normal operation" (normal power 
generation) also includes the time when the fuel cell system 1 is being connected to the external load 
after lapse of the predetermined period of time. 

[0081] Each element of the fuel cell system 1 described above is controlled by a control section 75. 
The values detected by the sensors S1-S7 are supplied to the control section 75. More specifically, 
the control section 75 controls the amount of water supplied by the water supply pump 61, on/off 
operation of the water collection pump 62, on/off operation of the air fan 122, and on/off operation 
of the hydrogen pump 25. Further, the control section 75 also controls the opening/closing operation 
of the hydrogen base electromagnetic valve 22, opening/closing operation of the hydrogen supply 
electromagnetic valve 24, opening/closing operation of the hydrogen discharge electromagnetic valve 
27a, and the setting of pressure by means of the hydrogen secondary-pressure regulating valve 23. 
The control section 75may also include a timer for measuring a predetermined time, or the control 
section may be connected to a timer 76. The timer measures a period of time after the ignition key 
(start switch) has been turned off during normal power generation. In this regard, "power generation 
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start-up time" means a predetermined period of time in the case where the start switch is turned on 
after a lapse of a given period of time (for example, six hours) after the start switch has been turned 
off in normal power generation. In other words, before the lapse of this predetermined period of 
time, the start-up operation of the present invention (to be described later) is prohibited. 

[0082] The start-up procedure for fuel cell system 1 having the structure described above is as 
illustrated in Figs. 14 and 1 5 which are a flowchart of a start-up control routine for the fuel supply 
system 10 at the time of start-up of the fuel cell system 1 in a first embodiment of the present 
invention. 

[0083] When a start-up operation, such as the ignition key is turned ON or the like, is confirmed 
(Step SI 01), all of the sensors of the fuel cell system 1 are switched (turned) ON (Step SI 03). The 
turning ON of the sensors allows detection values for the whole system to be obtained. It is then 
judged whether or not the hydrogen primary pressure is more than a predetermined set value based 
on the signal from the hydrogen primary pressure sensor S3 (Step SI 05). This predetermined set 
value may be set at 1 MPa, for example. In the case where the primary pressure is less than the set 
value, the start-up operation is suspended (stopped) (Step SI 09) because it indicates an insufficient 
amount of hydrogen in the high-pressure hydrogen tanks 1 1 . On the other hand, in the case where it 
is judged that the primary pressure is more than the set value, it is judged whether or not water level 
in the water tank 53 is higher than a predetermined level, based on the signal supplied from the water 
level sensor S7 (Step S107). In the case where it is judged that the water level is less than the 
predetermined level, the start-up operation is suspended (Step S 109) because it is impossible to cool 
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down the fuel cell stack 100 adequately. 


[0084] In the case where it is judged that the level in the water tank 53 is higher than the 
predetermined level, the water collection pump 62 is switched ON to start to collect water (Step 
Sill). Further, the water supply pump 61 is switched ON to spray water from the nozzles 55 of the 
air manifold 54 into the fuel cell stack 100 (Step SI 13). At the same time, the hydrogen base 
electromagnetic valve is opened. Next, the air supply fan 122 is driven (switched ON) to supply air 
into the fuel cell stack 100. In this manner, air and water flows are started, respectively, to the 
oxygen electrode 15b in the fuel cell stack 100. 

[0085] Next, in order to supply hydrogen gas to the fuel cell stack 1 00, a discharge of the residual 
oxygen gas (i.e., air) from the fuel chamber of the fuel cell stack 100 is started. The hydrogen 
discharge electromagnetic valve 27a is opened (Step SI 17), and the hydrogen pump 25 is switched 
ON (Step SI 19). Thus, a suction pressure to suck the hydrogen gas from the fuel chamber 30 of the 
fuel cell stack 1 00 is generated, thereby producing a negative pressure inside of the fuel chamber 30. 

[0086] Next, the pressure output of the hydrogen secondary pressure regulating valve 23 is set 
(established) at 0.2 MPa (Step 121), and the hydrogen supply electromagnetic valve 24 is opened 
(Step SI 23). Thus, hydrogen gas at a pressure of 0.2 MPa is supplied into the fuel chamber 30 
which is at a negative pressure. At the same time, the residual gas remaining in the fuel chamber 30 
before start-up is purged from the fuel chamber 30 by the supply of hydrogen gas, and suction of the 
hydrogen pump 25. This state is maintained for 0.5 seconds (Step SI 25), and after 0.5 seconds has 
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elapsed, it is judged whether or not the hydrogen concentration of the gas discharged from the fuel 
cell stack 100 is more than 95 volume percent (vol. %) based on the signal from the hydrogen 
concentration sensor S6. In the case where the hydrogen concentration does not reach 95 volume 
percent within 0.5 seconds, an alarm (not shown in the drawings) is switched ON because there is the 
possibility of damage to the electrodes, and then the start-up routine proceeds to Step SI 35. On the 
other hand, in the case where the hydrogen concentration is more than 95 volume percent, it is 
assumed that the fuel chamber 30 is permeated with the hydrogen gas without uneven distribution of 
gases, and that there is insufficient oxygen in the fuel chamber 30 to produce local electric current. 

[0087] Next, it is judged whether or not the oxygen concentration of the discharged gas is less than 1 
volume percent based on the signal from the oxygen concentration sensor S5 (Step S 129). In the case 
where it is judged that the oxygen concentration is more than 1 volume percent, the alarm is switched 
ON (Step SI 33), and then the routine proceeds to Step SI 35. On the other hand, in the case where 
the oxygen concentration is less than 1 volume percent, it is assumed that hardly any oxygen gas 
remains in the fuel chamber 30, and that there is insufficient gas in the fuel chamber 30 to produce 
local electric current. 

[0088] In the case where it is judged that the oxygen concentration is less than 1 volume percent, it is 
then judged whether or not the local electrical potential of each electrode in the unit cells 1 5 is less 
than 1.1 Volts (V) based on the signals from the electrical-potential detection sensors S2 (Step 
S131). In the case where there is an electrode having more than 1.1 V, the alarm is switched ON 
(Step S 1 33), and then the routine proceeds to Step S 1 35. Since it is difficult to determine the extent 
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of unevenness of gas distribution in each of the fuel chambers 30 merely by detecting the hydrogen 
concentration and the oxygen concentration of the discharged gas, provision is also made forjudging 
the possibility of uneven gas distribution by detecting the local electrical potential of each electrode 
in the unit cells 15. 

[0089] In the case where it is judged that all of the local potentials are less than 1 . 1 V in Step S 1 3 1 , it 
is assumed that the oxygen gas (air) in each of the fuel chambers 30 is substantially evenly 
substituted with the hydrogen gas. Therefore, the set pressure of the hydrogen secondary pressure 
regulating valve 23 is set at 0. 1 MPa (Step S 1 35), and the hydrogen discharge electromagnetic valve 
27a is closed (Step S 1 37). Then, the start-up routine is terminated and the system proceeds according 
to a normal operation (power generation) routine (not shown). 

[0090] Figs. 1 6 and 1 7 together constitute a flowchart illustrating a start-up control routine according 
to a second embodiment of the present invention. Since the operations at Steps S201-S223 are same 
as those at Steps S 1 0 1 -S 1 23 of the first embodiment shown in Fig. 1 4, a description of these steps is 
omitted. 

[0091] After the hydrogen supply electromagnetic valve 24 is opened (Step S223), the hydrogen 
secondary regulating valve 23 is set to alternate pressure between 0.1 MPa and 0.2 MPa every 0.1 
seconds (Step S225). Thus, the set pressure is repeatedly changed between 0. 1 MPa and 0.2 MPa at 
intervals of 0. 1 seconds. The hydrogen gas pressure supplied to the fuel cell stack 1 00 pulses in short 
periods due to this change of setting. 
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[0092] Since a change in hydrogen gas flow in the fuel chamber 30 and other passages results from 
this pulsation, stagnation in the fuel chamber 30 and other passages and occurrence of areas where 
the hydrogen gas flow rate is relatively slow are prevented, and replacement (substitution) of 
residual gas by hydrogen gas is carried out evenly and quickly. 

[0093] Since the operations following Step S225, namely, Steps S227-S239 are same as Steps SI 25- 
S 137 of the first embodiment shown in Fig. 15, a description of these steps is omitted. 

[0094] Next, a fuel cell system in accordance with a third embodiment will be described with 
reference to Fig. 18. The fuel cell system of the third embodiment, as compared with the fuel cell 
system of the first embodiment, further includes a start-up hydrogen discharge line 206 on the 
upstream side of the hydrogen pump 25 on the hydrogen outflow line 203. 

[0095] On the start-up hydrogen discharge line 206, a hydrogen discharge electromagnetic valve 27b 
and a silencer 28b are provided in this order. The opening/closing operation of the hydrogen 
discharge electromagnetic valve 27b is controlled by a control section 75 as in the first embodiment 
described above. 

[0096] Since other elements of the system of the third embodiment are same as those of the first 
embodiment, a description of these structures is omitted. The start-up operation of the second 
embodiment is described with reference to Figs. 14 and 15. In this embodiment, the start-up 
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hydrogen discharge electromagnetic valve 27b is open after Step S 1 1 5 of the first embodiment, and 
then Steps S 1 2 1 -S 1 37 are carried out. In this third embodiment, since the cross-sectional area of the 
start-up hydrogen discharge line 206 is greater than that of the hydrogen outflow line 203, there is 
hardly any pressure loss in the start-up hydrogen discharge line 206 at the time of hydrogen 
discharge. 

[0097] Fuel cell systems of the fourth and fifth embodiments are shown in Fig. 19. In addition to 
the elements of the fuel cell system 1 of the first embodiment, the fuel cell system of the fourth and 
fifth embodiments includes a hydrogen secondary pressure regulating valve 72a in place of the 
hydrogen secondary pressure regulating pressure valve 23. The system of the fourth and fifth 
embodiments further includes a start-up hydrogen secondary pressure regulating valve 72b and a 
start-up hydrogen supply electromagnetic valve 73 in a line 71. The ends of the line 71 are 
respectively connected to the upstream and downstream sides of the hydrogen secondary pressure 
regulating valve 72a. The set values for the hydrogen secondary pressure regulating valve 72a and 
the start-up hydrogen secondary pressure regulating valve 72b are constant at 0. 1 MPa and 0.2 Mpa, 
respectively. The pressure set for the hydrogen secondary pressure regulating valve 72a is a hydrogen 
supply pressure for normal operation, while the pressure set for the start-up hydrogen secondary 
pressure regulating valve 72b is higher than that set for normal operation. The control section (not 
shown in the drawings) controls opening/closing of the start-up hydrogen supply electromagnetic 
valve 73. Since other elements of the system in the fourth and fifth embodiments are same as those 
of the system 1 in the first embodiment, a description of these structures is omitted. 
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[0098] The hydrogen secondary pressure regulating valve 72a, the start-up hydrogen secondary 
pressure regulating valve 72b, and the start-up hydrogen supply electromagnetic valve (switching 
valve) 73 constitute the pressure regulating means in these embodiments. The control section, 
serving as a switching means, also controls the pressure regulating means in these embodiments. 

[0099] Figs. 20 and 21 constitute a flowchart illustrating the control routine for start-up of the fuel 
cell system in the fourth embodiment. Since the operations of Steps S301-S319are same as those of 
Steps SI 01 -SI 19 of the first embodiment shown in Fig. 14, a description of these steps is omitted. 
After the hydrogen pump 25 is switched ON (Step S3 19), the start-up hydrogen supply 
electromagnetic valve 73 is opened (Step S321), and the hydrogen supply electromagnetic valve 24 
is opened (Step S323). Thus, high-pressure hydrogen gas is supplied from the hydrogen tanks 1 1 to 
the fuel cell stack 100 through the start-up hydrogen secondary pressure regulating valve 72b having 
the high set value. At this time, the hydrogen secondary pressure becomes 0.2 MPa. Since the 
operations following Step S323, namely, the operations of Steps S325-S333 are same as those at 
Steps S125-S133 of the first embodiment shown in Fig. 15, a description of these steps is omitted. 

[0100] In the case where the hydrogen concentration is more than 95 volume percent, the oxygen 
concentration is less than 1 volume percent, and all of the local electrical potentials are less than 1 . 1 
V, the start-up hydrogen supply electromagnetic valve 73 is closed (Step S335). Thus, the supply of 
the hydrogen gas to the start-up hydrogen supply electromagnetic valve 73 is stopped, while the 
supply of the hydrogen gas is started to the hydrogen secondary pressure regulating valve 72a, which 
is set at the secondary pressure when the fuel cell stack 100 is in its normal power generation state. 
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[0101] Then, the hydrogen discharge electromagnetic valve 27a is closed (Step S337), and this start- 
up routine is terminated and the system proceeds to a normal operation (power generation) routine 
not shown in the drawings. 

[0102] Figs. 22 and 23 constitute a flowchart for a start-up control routine of the fuel cell system in 
the fifth embodiment. Since the operations of Steps S40 1-S419 are same as those of Steps S 1 0 1 -SI 1 9 
of the first embodiment shown in Fig. 14, a description of these steps is omitted. After the hydrogen 
pump is switched ON (Step S419), the start-up hydrogen supply electromagnetic valve 73 is opened 
(Step S421), and the hydrogen supply electromagnetic valve 24 is opened (Step S423). 

[0103] After the hydrogen supply electromagnetic valve 24 is opened (Step S423), the start-up 
hydrogen electromagnetic valve 73 is repeatedly switched between open/closed every 0.1 seconds 
(Step S425). When the start-up hydrogen electromagnetic valve 73 is opened, hydrogen gas is 
supplied to the fuel cell stack 1 00 through the start-up hydrogen secondary pressure regulating valve 
72b, which is set at the high-pressure side, whereby the hydrogen secondary pressure becomes 0.2 
MPa. On the other hand, when start-up hydrogen electromagnetic valve 73 is closed, the hydrogen 
gas is supplied to the fuel cell stack 100 through the hydrogen secondary pressure regulating valve 
72a, which is set at the low-pressure side, whereby the hydrogen secondary pressure becomes 0.1 
MPa. In this way, due to this pulsation of the hydrogen pressure, stagnation in the fuel chamber 30 
and other passages or occurrence of areas where the hydrogen gas flow rate is relatively slow are 
prevented, and the replacement (substitution) of residual gas by hydrogen gas is carried out more 
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evenly and quickly. 


[0104] Since the operations following Step S425, namely, the operations of Steps S427-S439 are 
same as those of Steps S325-S337 of the fourth embodiment shown in Fig. 2 1 , a description of these 
steps is omitted. 

[0105] As mentioned above, in the present invention, the high-pressure hydrogen gas having a 
predetermined pressure higher than the pressure utilized in normal power generation is supplied to 
the fuel chamber 30 at the time of starting generation when there is the substituted gas in the fuel 
chamber 30, whereby the high-pressure hydrogen gas purges the substituted gas from the fuel 
chamber 30. Therefore, since the atmosphere within the fuel chamber 30 changes from a state of 
stagnation to a state of flow, uneven distribution of the substituted gas and the hydrogen gas is 
prevented. Further, since the hydrogen gas having the pressure higher than the pressure in normal 
power generation is supplied to the fuel chamber 30 to complete the replacement of the substituted 
gas by the hydrogen gas, the uneven distribution between the substituted gas and the hydrogen gas 
hardly occurs and there is no opportunity for the redox reaction between these gases. Therefore, the 
occurrence of localized electric current is prevented. In this regard, the completion of replacement of 
the substituted gas by the hydrogen gas within 0.7 seconds, preferably within 0.5 seconds, prevents 
the occurrence of local electric currents due to uneven gas distribution. Further, by shortening the 
supply time as mentioned above, it is possible to reduce waste of the hydrogen gas. 
[0 1 06] Further, by alternately changing the supply pressure of the hydrogen gas as in the second and 
fifth embodiments, a change of the gas stream in the fuel chamber 30 occurs, and this change 
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prevents gas stagnation. Therefore, in these embodiments, uneven distribution of the gas can hardly 
occur in the fuel chamber 30. 

[0107] In the present invention, the routine for start-up includes, after the step in which the ignition 
key is turned on, a step in which it is judged whether or not the ignition key (start switch) is turned 
on after the lapse of a predetermined period of time, and the routine is executed in the case where the 
ignition key is turned on after the lapse of a predetermined period of time after the ignition key has 
been turned off during normal power generation. 

[0108] It should be noted that, even though the fuel cell system of the present invention has been 
described with reference to the preferred embodiments shown in the drawings, the present invention 
is not limited to these embodiments, and it is possible to make various modifications to each element 
of the fuel cell system, and various elements described above can be replaced with any other element 
capable of performing the same or a similar function. 
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